Since the isolation of H. pertussis in 1906 by Bordet and Gengou,' investigators in the field of whooping cough have sought a satisfactory practical laboratory method for demonstrating the virulence of this organism. These pioneer workers showed that large doses of H. pertussis when given subcutaneously, intravenously, or intraperitoneally to laboratory animals caused death. They observed that multiplication of the organisms introduced did not occur, since recovery of the organism from the lesions was unusual. Klimenko3 showed that large doses of dead cultures, killed by heating to 600 C., also caused death in the same manner as did living cultures in comparable doses. He found that the guinea-pig was killed by the growth from 1 12 to 2 blood agar slopes, the rabbit by that from 3 to 4 slopes, and the mouse by Y4 slope when injected intraperitoneally.
by that from 3 to 4 slopes, and the mouse by Y4 slope when injected intraperitoneally.
Toomey and his co-workers1' established a relatively accurate M.L.D. for guinea-pigs of a given weight, the dosage being expressed in terms of wet weight of the organism. Large doses were used.
Powell and Jamieson5 reported a method for enhancement of H. pertussis virulence by the intraperitoneal inoculation of mice with starch-coated cultures of H. pertussis.
Recently, Burnet and Timmins2 reported experimental infection in the mouse by intranasal inoculation of H. pertussis, a method which has promise as a practical laboratory procedure for demonstrating the pathogenic action of this organism. This report was of interest to us since similar studies have been in progress in our laboratory for the past two years.
We are presenting in this paper our observations on the experimental infection in mice with H. pertussis, and the results of attempts at active immunization in the mouse and in a few ferrets. Table I shows that the mortality following this method of inoculation was high in both groups, definitely higher in the young mice. The age-weight factor is obviously an important one.
Toomey"1 found this to be true in guinea-pigs. The mice usually appeared sick within 24-48 hours, death occurring between the first and the eighth days, usually within 4-5 days in the young mice. In the older group, although most of these succumbed within this period, in a few death did not occur until the second to the third week after the inoculation. At autopsy the lungs were dark and voluminous. Cultures of the lungs and heart blood were positive for H. pertussis. Contaminants were rare if the animals were examined shortly after death. Positive lung cultures were obtained also from the few dying in the third week. These results are not characteristic merely of one strain, for several other recently isolated strains have produced a similar picture. Mononuclear collar about blood vessels and bronchioles. Polymorphonuclear cells, fibrin, bacteria, and coagulated protein in alveoli.
Pathology
Gross. In the gross the lungs were dark and voluminous. Frothy material exuded from the cut surfaces and from the bronchi.
Hemorrhagic pleural fluid was not infrequently observed but the pleural surfaces seemed smooth.
Microscopic. The description of the microscopic picture of the lungs is based upon 4 groups of mice dying at different intervals: First group, those dying 1-4 days after the inoculation; second group, 7-8 days; third group, 14 days; and a fourth group, at 21-24 days.
Among the earliest changes (1st to 4th day) is edema about the blood vessels (Fig. 1) . Polymorphonuclear leukocytes are scattered within the edematous tissues and appear in very small numbers in some alveoli. Groups of alveoli about a few bronchioles are filled with fibrin that encloses granular basophilic masses of bacteria. Necrosis and hemorrhage have occurred in a few such foci. Here the fibrillar character of fibrin is not in evidence. The epithelium of the bronchioles is in general well preserved and their lumina are empty or contain homogeneous pink-staining material. Inclusion bodies are not found.
At the 7th to 8th day ( Fig. 2 ) the changes are similar but are much more diffuse. The exudate contains more polyTmorphonuclear cells and in some zones has become necrotic. In one of these animals collars of small mononuclear cells have appeared about the bronchioles and blood vessels.
At the 14th day the lungs have an appearance not notably different from that at the 7th to 8th day. There are no mononuclear collars, but small groups of lymphocytes are gathered in the adventitial coats of some of the vessels.
Animals surviving into the 4th week (21st to 24th day) have alveoli and bronchioles generally filled with homogeneous pinkstaining material except for a few alveoli which are hyperexpanded. Necrotic tissue and exudate have caused the pleura to bulge in some places. The lining epithelium of the bronchioles is very thick.
In another paper we have described the response to H. pertussis in ferrets.* The response to H. pertussis in mice is more variable than is that seen in ferrets and differs from the latter in certain particulars. Fibrin is deposited and necrosis occurs; the lining cells The charts show that the course in each ferret following the intranasal inoculation is essentially the same: febrile reaction lasting 5-6 days, X-ray signs of a pulmonary lesion, loss of weight, and positive nose cultures for H. pertussis on the 2nd day. Clinically, all the animals appeared sick. No protection was observed in these few animals following attempts at active immunization with either Kreuger endoantigen or Sauer's vaccine.
Discussion
From these experiments it is observed that following the intranasal inoculation of H. pertussis mice develop an interstitial pulmonary lesion similar in several respects to that observed in the disease in man. This infection carries a high mortality, especially in young mice. Burnet and Timmins,2 using a similar technic, describe in mice a lung lesion having "two cardinal features of the human pathology--multiplication of the organism in the mucus lining the bronchial tubes, . . . and interstitial pneumonia." They further state that: "One can regard the relation between the mouse and human infections as very similar to the relation between experimental pneumonia in the mouse due to influenza virus and human influenza."
No implication can be drawn from the evidence at hand that the lesions observed in these experiments are specific for H. pertussis. A similar interstitial lesion in mice and other animals, following inoculation of the animals with a variety of organisms and toxic substances, has been described by several investigators. Rake' observed an interstitial reaction in mice following the intranasal instillation of the pneumococcus, especially type III. Stillman and Schulz"0 produced an extensive interstitial lesion in rabbits by the intranasal inoculation of pneumococcus type I. Sprunt, Martin, and Williams8 9 describe similar anatomical changes in rabbits following intratracheal inoculation of H. pertussis, B. typhosus, and bacterial toxins. Furthermore, a similar picture is described by us* in ferrets following inoculation with either living or heat-killed H. pertussis. That this lesion of the mouse lung is not a specific infectious picture is also suggested by the failure to protect mice with pertussis vaccines. 2. No appreciable immunity was observed in mice or in a few ferrets previously inoculated with Kreuger or Sauer vaccines when tested by the intranasal method of reinoculation.
